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To combat the present COVID-19 pandemic, a coun-
trywide lockdown (LD) was imposed in India from 25 
March until 31 May 2020. This unique scenario 
brought a decline in various anthropogenic activities 
leading to a considerable decrease in the concentra-
tion of several atmospheric pollutants. In this scenar-
io, CSIR-IMMT Bhubaneswar carried out black 
carbon (BC), PM10 and PM2.5 analysis through optical 
and gravimetric measurements, respectively, during 
March-May 2020 followed by a comparison with pre-
vious years (2017–2018) of observation. There was a 
reduction of ~33% in average overall BC concentra-
tion along with a significant drop in PM10 (33%) 
(P < 0.05) and PM2.5 (~38%) (P < 0.05) during the  
entire LD period as compared to 2017–2018. During 
LD, contribution from biomass burning was enhanced 
by almost 3 times as compared to 2017–2018. Howev-
er, the simultaneous meteorological variation during 
the LD period prevents clear distinction of the impact 
of lockdown on BC and PM. 
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Introduction 

The World Health Organization (WHO) announced a 

global health emergency in the wake of the spread of the 

novel coronavirus (COVID-19). To curb the spread of 

this contagious disease, the Indian Government imposed 

a nationwide lockdown (LD) starting from 25 March till 

31 May 2020 in different phases. Thus, the unprecedent-

ed restrictions provided researchers with an opportunity 

to access the influence of anthropogenic activities on the 

level of air pollutants. Different phases considered for the 

study are pre-lockdown: 1 March–23 March (LD-1): 24 

March–14 April (LD-2): 15 April–3 May (LD-3): 4–17 

May (LD-4) and 18 May–31 May.  

 In this context, the variation of black carbon (BC), 

PM10 and PM2.5 was studied over Bhubaneswar during 

March–May for 2017–2020. BC is usually emitted due to 

incomplete combustion of fossil fuel, biomass burning, 

and biogenic sources through multi-phase reactions1. BC 

has a usual lifetime of seven to ten days in the absence of 

rainfall and hence can be transported easily from long 

distance2,3. Furthermore, BC, as a light-absorbing aero-

sol4, impairs visibility5 and impacts the radiation budget 

of the earth6,7. On the other hand, particulate matter (PM), 

especially PM2.5 (aerodynamic diameter <2.5 m) is an 

important indicator of anthropogenic contribution to the 

overall PM mass, as it is generated through both primary 

and secondary processes8 whereas PM10 (aerodynamic  

diameter 10 m) being the coarser fraction, is generated 

through various mechanical processes over land and the 

ocean9. PM10 forms a predominant part of particulate 

matter giving rise to a number of respiratory diseases be-

cause a major portion of it gets trapped in the nasal pas-

sage and upper respiratory tract10. With respect to its 

small size, larger surface area and long residence time in 

the atmosphere, PM2.5 can act as a carrier of toxic  

substances that finds a way deep within the human respir-

atory system, thus triggering several pulmonary and  

cardiovascular diseases11. PM2.5 can also influence the 

weather pattern and climate by acting as cloud condensa-

tion nuclei (CCN), and thus, changing the microphysical 

properties of clouds and the hydrological cycle as  

well12. 

 Previous studies over this region have brought out per-

tinent information regarding the impact of meteorology 

and long-range transport on the spatial and temporal vari-

ation of important pollutants like particulate matter (PM10 

and PM2.5) and BC13. A recent study also discussed the 

impact of LD on several atmospheric trace gases O3, CO, 

NOx along with BC over Bhubaneswar14. The country-

wide LD during the current pandemic brought a huge cur-

tailment of the anthropogenic activities especially 

vehicular movement. Hence this motivated us to make
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Figure 1. Odisha state and Bhubaneswar city in India map. Arial view of Bhubaneswar city depicting the vari-
ous slum areas located within the city39. 

 

 

use of this unique scenario to study the spatial/temporal 

variation and source contribution of two major pollutants 

like BC and PM, which could provide some imperative 

scientific information for the region. Thus, the study aims 

to evaluate the impact of LD on particulate pollutants 

like, BC, PM10 and PM2.5 concentrations over Bhubanes-

war. This would be considered as a baseline data for the 

region and compared with the previous year’s observa-

tions to understand the impact of local/regional emission 

sources as well as meteorology on the pollution load. 

Site description, methodology and general  
meteorology 

Site description 

The study was carried out at CSIR-Institute of Minerals 

and Material (IMMT), Bhubaneswar (20.27N, 85.84E). 

Being the capital of Odisha state, Bhubaneswar, an  

upcoming smart city, is now considered as one of the 

non-attaining cities as per the National Green Tribunal of 

India. The sampling site is located inside a green campus 

in the heart of the city with national, state highways and 

slums in its close proximity. Furthermore, there are a 

number of thermal power plants15, several small and large-

scale cement, fertilizer, beverage, biomedical waste man-

agement, agro, steel, paper, textile and food processing 

industries along with two main shipping harbours at close 

proximity of Bhubaneswar. A more detailed description 

of this site is given elsewhere15,16 (Figure 1). 

Methodology 

BC data was obtained from Aethalometer (Magee  

Scientific, Model: AE33), which was operational at 

CSIR-IMMT campus during the lockdown period. This 

instrument, sample line equipped with a 2.5-micron size 

cyclone and a rain/insect guard, was operated continuous-

ly at a flow rate of 2 LPM and measured optical attenua-

tion at seven-channel wavelengths of 370, 470, 520, 590, 

660, 880 and 950 nm respectively. The total BC mass 

concentration was estimated from the 880 nm wave-

length. Furthermore, Aethalometer model or Sandradewi 

model17,18 was used to estimate contribution from fossil 

fuel and biomass using 470 and 950 nm wavelengths. 

Sandradewi model18 was based on aerosol spectral ab-

sorption principle which assumes particles generated 

from traffic and other fossil fuel combustion absorbs in 

the long visible and near infrared (IR) wavelength (~600–

950 nm) whereas particles generated from biomass  

burning absorb near UV and lower visible wavelength 

(~300–500 nm)1,17,18. However, a major drawback of the 

model is that it disrespects the impact of mineral dust and 

coal combustion contribution in the UV range19. Thus, 

the biomass burning (BB) percentage contribution to total 

BC was taken from the instrument directly by following 

the procedure given in AE33 manual (Magee Scientific, 

2016). 

 The mass concentrations of biomass burning (BCbb) 

and fossil fuel (BCff) were calculated as  

 

 BCbb = BB  BC,  (1) 
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 BCff = (1 – BB)  BC.  (2) 

 

Moreover, the fossil fuel percentage (FF) contribution to 

total BC was derived using the equation  
 

 FF = 
BC(ff )

100.
BC

 
 

 
  (3) 

 

The 24-hour PM10 and PM2.5 sampling was carried out at 

the roof-top of CSIR-IMMT using a high volume sampler 

(Envirotech, APM 460 NL) and a low volume sampler 

(Envirotech, 550 MFC) at a flow rate of 1 m s–1 and 16.7 

LPM respectively. The samples were collected twice a 

week using a pre-baked Whatman, quartz microfiber fil-

ter paper for both PM10 and PM2.5 and the initial final 

weight of the filter paper was measured by Sartorius 

weighing balance with 0.00001 mg sensitivity. A more 

detailed description of the standard procedure has been 

given elsewhere20. PM measurements were also made  

using a portable aerosol spectrometer PAS1.108 (GRIMM 

Aerosol Technik GmbH & Co. KG, Dorfstrasse-9, Ger-

many) during March–May 2020 on specific days. PAS 

1.108 is a sophisticated optical particle counter with 15 

size channels (range: 0.3–20 m) for the estimation of 

particle mass concentrations in three size fractions (PM1, 

PM2.5 and PM10) in this study. It counts particle numbers 

and is based on the light scattering principle converted to 

particle mass concentration at a sampling flow rate of 1.2 

LPM. It has a laser (40 mW max power) that scans to   

detect small particles at 0.5 mW and detect larger par-

ticles 30 mW alternatively21. Studies in the past have  

reported the performance of PAS-1.108 for different  

environments22,23. As gravimetric measurements of PM10 

could not be done during the LD phases in 2020, for    

scientific interpretation, the data from PAS 1.108 were 

used.  

Statistical analysis 

To support the observed results, paired t-tests were con-

ducted at 95% confidence, with a null hypothesis as no 

difference in historical and current observations and  

alternative hypothesis as a difference exists. The critical 

p-value for the t-test is 0.05, i.e. anything more signifi-

cant than that indicates acceptance of the null hypothesis, 

and less than 0.05 indicates acceptance of the alternative 

hypothesis.  

General meteorology 

Meteorology always plays a crucial role in determining 

the pollution level and its dilution24. Therefore, the time 

series data for temperature, rainfall and humidity for  

the years 2017, 2018 and 2020 are depicted in Figure 2 

whereas the wind speed and wind direction are shown in 

Figure 3. The meteorological parameters were derived 

from the archives of weather underground (https://www. 

wunderground.com/)25 for March–May for the respective 

years as described above. March–May is typically charac-

terized as the pre-monsoon period, and during this sea-

son, the profound influence of marine air mass from the 

Bay of Bengal (BoB) is observed15,16. The site, in general, 

experiences high temperatures varying from 27C to 

32C and low humidity 55–85% during March–May20. 

However, along with LD, frequent rain episodes observed  

during 2020 due to depression over BoB could have 

played an important role in scavenging pollutants, which 

will be discussed in later sections. 

Back trajectory analysis 

The five-day backward air masses arriving at Bhubanes-

war were recorded using NOAA Air Resource Laboratory 

(ARL) Hybrid Single-Particle Model at 100 m agl for 

PLD and LD-3 (refs 14, 26, 27) (Supplementary Figure 

1). Moderate Resolution Imaging Spectro-radiometer 

(MODIS), aboard Aqua and Terra satellites (C6 version),  

derived from NASA FIRMS, were used to understand the 

impact of biomass burning over the study site14,28,29. Fires 

with 80% and above detection confidence alone were 

considered to remove false fires. 

Results and discussion 

Diurnal variation of BC during the pre-lockdown 
and lockdown phases 

To evaluate the influence of LD on BC concentrations, 

observations during 2020 were compared relative to 

 

 

 

Figure 2. Temporal variation of meteorological parameters (rainfall, 
humidity and temperature) for the three different years (2017, 2018 and 
2020) of observation in Bhubaneswar. 

https://www.wunderground.com/
https://www.wunderground.com/
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
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previous year’s (2017–18) BC mass concentration.  

The Aethalometer (AE-33) was not operational during 

March–May 2019 due to some unavoidable circumstanc-

es (construction/maintenance at the observation site and 

major power failure followed by cyclone Fani),  

owing to which the year 2019 data could not be included 

in this study. 

 The average diurnal pattern of the BC mass concentra-

tion for PLD and various phases of LD (LD-1, LD-2, LD-

3, LD-4) have been compared to the mean BC data of the 

similar period during the year 2017–18 (Figure 4). It was 

indeed interesting to note that during the PLD phase  

(1–23 March), the diurnal pattern for 2017–18 and for 

2020 depicted a clear morning peak between 6:00 and 

7:00 h followed by a decrease in concentration during the 

afternoon hours (until 16:00 h) which then increased 

gradually during the evening (until 21:00 h). This is a 

typical diurnal pattern observed in most of the urban are-

as and is a representation of the interaction of lower at-

mosphere meteorology and anthropogenic emissions from 

local and the regional sources30,31. The morning peak is 

generally due to the evolution of the boundary layer and 

fumigation effect along with the anthropogenic activities, 

whereas the decrease in concentration during the after-

noon is because of the dilution of the pollutants due to 

convection. The evening rise is again linked with the 

build-up of the BC mass due to the emission from the 

evening traffic and other anthropogenic activities like 

cooking, industrial and thermal power plant emissions, 

etc., which is a typical representation of urban areas and 

has been reported earlier from this site30. However,  

although it was a normal phase and it is expected that the 

mean BC concentration would be more or less similar or 

even a little higher during the year 2020 compared to the 

same time period of 2017–18, provided the meteorology 

as well as the emission sources remain constant. Alt-

hough a typical bimodal pattern was observed, a more 

than 50% reduction in the BC mass concentration was 

observed during the year 2020 (Figure 4 a). 

 During LD-1, a distinct bi-modal pattern was observed 

with a distinct morning peak during 2017–18, however 

during 2020 this typical bi-modal peak was not distinct 

(Figure 4 b). Although the BC mass concentration peaked 

at around 7:00 h, there was a subsequent decrease in the 

BC mass concentration during the evening hours. Fur-

thermore, an overall decrease in BC mass in PLD phase 

in comparison to 2017–18 of the same period was ob-

served. During the first phase, the observed BC mass 

concentration was still in the range of 1–1.5 g/m3 due to 

emissions from thermal power plants, fire events, essen-

tial goods carrier and the use of biomass for cooking pur-

poses in the various slum areas (Figure 1) and villages 

surrounding Bhubaneswar. Apart from that, a longer life-

time of BC in the lower atmosphere results in accumula-

tion and hence contributes to the overall BC mass during 

lockdown32. BC mass concentration was observed to be 

minimum (0.45 g/m3) during LD-2 (15 April–3 May) in 

comparison to the previous year of observation and PLD 

and LD-1 (Figure 4 c). This is indeed interesting to note 

that vehicular emissions are a major contributor to BC 

mass concentration over the site; therefore, with a reduc-

tion in the vehicular movement for five consecutive 

weeks, there was a distinct fall in the BC mass concentra-

tion during LD-2. However, we could see a faint bimodal 

peak during this period possibly due to the various local 

biomass burning activities as well as from emissions per-

taining to essential activities. During LD-3 (4–17 May), 

when partial vehicular movement permit was given and 

people started commuting, bi-modal peak during morning 

and evening hours became somewhat distinct, although 

the overall BC mass concentration was still lower than 

PLD and the LD-1 phase during 2020 but there was a  

partial increase in BC mass concentration in comparison 

to 2017–18 (Figure 4 d). This has been discussed in  

detail in the next section. During LD-4 (18–31 May), 

there was an increase in the overall BC mass concentra-

tion while the bi-modal peaks during the morning and 

evening hours were quite flattened in comparison to 

2017–18. Overall, the BC mass concentration was lowest 

during LD-2 than LD-3 and LD-4 period which distinctly 

supports vehicular emissions to be a major contributor to 

the overall BC mass concentration over this site. This was 

further validated by observing a distinct rise in evening 

peak of BC concentration during LD-3 and LD-4 (Figure 

4 e). Pertaining to the restrictions in vehicular movement 

during the LD period, it is presumed that the observed 

evening BC mass was mostly due to the accumulation 

caused by the shrinking boundary layer as well as due to 

emissions from biomass burning activities in nearby are-

as. 

 

 
 

 

Figure 3. Temporal variation of meteorological parameters (wind 
speed and wind direction) for the three different years (2017, 2018 and 
2020) of observation in Bhubaneswar. 
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Figure 4. Mean diurnal pattern of BC mass during (a) PLD (1–23 March), (b) LD-1 (24 March–14 April), (c) LD-2 (15 April–3 May), (d) LD-3 
(4–17 May), (e) LD-4 (18–31 May) for 2017–18 and 2020. 
 

 

 

Figure 5. a, Temporal variation of BC for various phases of lock-
down in 2020 and the mean BC mass for the same period during 2017–
18 represented in box-whisker plots, the box represents 25–75% of the 
distribution of BC while the horizontal line and the circle represent the 
median and mean of the distribution. b, Box whisker plots for the over-
all BC mass concentration for the study period March–May month 
(2017–18 and 2020). 
 

Temporal variation and source apportionment of BC  

The temporal variation in BC mass concentration has 

been represented through box whisker plots, where the 

box represents the dispersion of the BC mass within 25 

and 75 percentiles whereas the middle line represents the 

median and the dot within the box represents the mean 

BC mass concentration. The minimum and maximum BC 

mass concentration is represented by the whiskers. It was 

observed that BC mass variation follows the same trend 

for all the years (2017–18, 2020) with maximum concen-

trations during March and minimum levels during May 

(Figure 5 a). This is attributed to a significant increase in 

temperature (p  0.05) and decrease in humidity 

(p  0.05) from March to April (Figure 2) which leads to 

dilution of BC level. Furthermore, during April and May, 

the profound influence of marine mass (Figure 3) over the 

observation site might have helped to reduce the BC con-

centrations subsequently14,16. Overall, during LD (2020) 

~33% (p  0.05) in BC concentration was reduced as 

compared to the same time frame of the previous year. 

(Supplementary Figure 2) shows the general statistics of 

BC mass concentration observed during 2017, 2018 and 

2020 whereas Supplementary Table 1 depicts the BC 

mass concentration during the PLD and the four LD 

phases in 2020 along with the BC mass fraction observed 

for the same time frame for the years 2017 and 2018. It 

was indeed interesting to observe that the average BC 

mass concentration was 1.74  0.67 g/m3 during the 

PLD in the year 2020 whereas for the same time frame of 

2017 and 2018 the BC mass was 4.78  2.3 and 2.83  

1.65 g/m3 respectively. It was essential to study why the 

BC concentration during the PLD phase in the year 2020 

was 54.12% and 38.5% lower than the BC mass for the 

same period in 2017 and 2018 respectively. The observa-

tions depicted that during 1–23 March 2020, there were 

several rain events with maximum of 1.5 inch of rain rec-

orded on 22 of March when a Janata curfew was also im-

posed across the country for the entire day (Figure 2) all 

of which could have contributed to the lower BC mass 

concentration in comparison to 2017 and 2018 when there 

was comparatively less rainfall. It can also be observed 

(Supplementary Figure 1) that wind from the south and 

south-eastern sector was predominant in 2020, resulting 

in the transport of comparatively cleaner air mass.  

https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
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Although a few air parcel travelled through the polluted 

north-western part, however, the fire counts in 2020 were 

seen to be the minimum. This also could have impacted 

the BC mass concentration in PLD phase of 2020. The 

highest BC concentration in 2017 during the same period 

was attributed to the minimum wind speed (Figure 3) 

which could have facilitated an accumulation effect of the 

regional/local emissions. Further, there was a shift in the 

use of solid biofuels such as wood, coal, etc. to liquefied 

petroleum gas (LPG) for cooking purposes under the 

Ujjwala scheme in Odisha (https://timesofindia. 

indiatimes.com/city/bhubaneswar/34-lakh-beneficiaries-

of-ujjwala-scheme-in-odisha/articleshow/66101253.cms). 

As shown in Figure 1, the study site is surrounded by 

slum areas which could have used biofuels for cooking 

purposes in 2017, thus contributing to a higher BC mass. 

Moreover, the increased use of LPG, a cleaner fuel, also 

proved to be a remarkable step in climate, social and hu-

man benefits as well. The decrease in BB concentration 

from 2017 to 2018 (Supplementary Figure 3a) is another 

evidence from the fact that most of the incoming air 

masses came from marine source.  

 Thereafter, LD was imposed, pertaining to which there 

was a reduction in average BC mass concentration (mean: 

1.32  0.36 g/m3) during LD-1 (Figure 5 a). Although 

the contribution from thermal power plants and biomass 

burning was still existent as a part of the essential ser-

vices during the LD phases, the complete shutdown dur-

ing LD-1 and LD-2 brought about a reduction of 19.38% 

and 17.17% respectively, in average BC concentration 

compared to the same period of 2017–18 (Figure 5 a). 

The plummet in first and second phases of LD might be 

due to curtailment of vehicular pollution which is a major 

contributor of BC mass over the region14,31.  

 There was a partial relaxation in LD beyond 3 May 

2020, when government offices and other private sector 

establishments became operational and vehicular move-

ment was also initiated. Interestingly, it was observed 

that during LD-3, there was a 49.11% increase in the 

overall BC mass during 2020 in comparison to the mean 

of 2017–18. This rise in BC concentration was again a 

matter of speculation that needs further investigation. 

Therefore, we took help of the backward trajectory analy-

sis for the same period (Supplementary Figures 1 and 3). 

Interestingly, we observed that during 2020, polluted 

wind mass travelled through the continental areas from 

the northern sectors crossed the marine region before 

reaching the observation site, thus contributing to a slight 

increase in the overall BC mass over the observation site. 

As BC is generally a mixture of nano sphere soot and ad-

ditional material and the former has least solubility, it is 

believed that BC originating from the continental areas is 

retained even if the wind mass travels over the marine re-

gion for a while33,34. However, during 2017 and 2018 ma-

jority of air mass travelled through the Bay of Bengal 

carrying partially clean air mass. Although parts of the 

Bay of Bengal and the Indian Ocean also receive pollu-

tants from the adjacent coastal areas35, the continental air 

mass was quite evident to carry more pollutant load in 

this case which could have contributed to the overall BC 

mass during the third lockdown phase in 2020. 

 Further, during the fourth phase of LD with more re-

laxation, the anthropogenic pollution load also increased 

subsequently. It was observed that there was 8.66% in-

crease in mean BC load during 2020 in comparison to the 

same period during 2017–18. Also, the local meteorology 

had its role in influencing the pollutant concentration 

over the region. There were several rain events during the 

last week of May 2020 as well as in 2017–18. Further, 

the study site also experienced a very high wind speed 

due to the severe cyclonic storm Amphan that passed the 

Odisha coast during 19–20 May 2020. However, a de-

tailed analysis of the same is beyond the scope of this 

study.  

 Apart from that, during the entire period of observa-

tion, the median values for the respective months during 

the year 2020 were nearly comparable (Supplementary 

Table 1), which indicates that there was no major episod-

ic contribution to BC mass concentration over the region. 

As discussed earlier, the lifetime of BC in the lower  

atmosphere ranges from days to weeks to months31. This 

could have influenced the BC concentration during LD 

phases along with the biomass burning activities in near-

by slum areas as well as the villages surrounding the 

Bhubaneswar city. However, during March 2017 and 

2018 the median values were comparatively higher, 

which supports the influence of anthropogenic emissions 

from myriad sources. Further, the box whisker plot repre-

senting the overall BC mass for the different years of ob-

servation (Figure 5 b) depicted that although the median 

was comparable for 2017–18 and 2020, the former was 

positively skewed and the latter was more or less sym-

metric. This also explains a myriad emission sources con-

tributing to the BC mass during 2017–18, while in 2020 

the sources were more consistent.  

 It was also observed that fossil fuel (FF) emissions 

were the major contributors to the average BC mass con-

centration during 2017–2018 (90%) whereas the rest 

(10%) came from biomass burning (BB) (Figure 6). 

These observations were similar to previous reports over 

the region20. However, during 2020, with the complete 

curtailment of inter- and intra-city transportation during 

April (LD-1 and 2) and partial restrictions in May (LD-3 

and 4), there was a drastic change in the emission 

sources. It was observed that during the PLD phase (1st–

2nd week of March 2020), FF emissions majorly (84%) 

contributed to the overall BC mass concentration, howev-

er as the LD phases began during the 3rd week of March 

2020, there was a shift from FF to BB emissions contrib-

uting significantly towards the BC mass concentration 

(Figure 6). During LD-1, BB contribution increased by 

~2 times, whereas during LD phases 2 and 3, it showed 

https://timesofindia.indiatimes.com/city/bhubaneswar/34-lakh-beneficiaries-of-ujjwala-scheme-in-odisha/articleshow/66101253.cms
https://timesofindia.indiatimes.com/city/bhubaneswar/34-lakh-beneficiaries-of-ujjwala-scheme-in-odisha/articleshow/66101253.cms
https://timesofindia.indiatimes.com/city/bhubaneswar/34-lakh-beneficiaries-of-ujjwala-scheme-in-odisha/articleshow/66101253.cms
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
https://www.currentscience.ac.in/Volumes/120/01/0313-suppl.pdf
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an overall increment of ~5 times compared to the previ-

ous year of the same time frame. During the entire LD 

phase, FF and BB contribution was 70% and 30% respec-

tively to the overall BC mass. Sources for the FF frac-

tions during LD phases were due to emission from 

several thermal power plants around Bhubaneswar 

(~60 km), which were operational as a part of the essen-

tial services. Also, there was movement of goods vehicles 

on the nearby National Highway (NH-16 and NH-203). 

Apart from these, the site being adjacent to a major cor-

porate hospital was influenced by emissions from the 

movement of ambulance and other vehicles as a part of 

the regular essential service, which altogether could have 

generated BC mass through FF emissions. In the  

absence/reduction in vehicular traffic, BB emerged as 

significant emission sources in this area.  

 In 2020, it was observed that mostly the local sources 

were the major contributors to the overall BC mass. 

There are several slum areas within the Bhubaneswar city 

(Figure 1), where the locals use biomass/wood for cooking 

purposes. Further, during the LD phase, many Non-

Governmental Organizations participated in mass cooking 

events in order to feed the needy and homeless people of 

the city and the nearby areas as well (Supplementary Fig-

ure 3a). Therefore, despite LD, local burning effects were 

still active over the region, which contributes to the total  

mass of BC. These observations supported the fact that  

a restriction in only the vehicular movement, even for a 

couple of weeks, resulted in 33% decline in BC mass 

concentration.  

Variability of PM10 and PM2.5 for four consecutive 
years  

Figures 7 and 8 show 24-hour average PM10 and PM2.5 

mass concentration for the years 2017–2018 and 2020  

 

 

Figure 6. Percentage contribution of fossil fuel (FF) and biomass 
burning (BB) emissions to BC mass during the different years of obser-
vation (2017–18, 2020). 

over Bhubaneswar. As described earlier, the box repre-

sents 25–75% of the distribution of the particulate matter, 

for the month of March–May. The horizontal line and the 

circle represent the median and mean of the distribution. 

The mean concentration of PM10 and PM2.5 was found to 

be 47.18  20.8 g m–3 (median, 45.55 g m–3) and 

42.3  17.1 g m–3 (median, 42.04 g m–3) respectively, 

during 2017–2019. While during 2020, when LD was im-

posed, both PM10 and PM2.5 were reduced to 

31.68  19.16 g m–3 (median, 25.09 g m–3) and 

27.26  23.17 g m–3 (median, 23.17 g m–3) respectively. 

Thus, a significant decline of 33% (p  0.05) in PM10 

 
 

 

Figure 7. a, Monthly average PM10 mass concentration over Bhuba-
neswar. The box represents 25–75% of the distribution of PM2.5, for 
2017–2019 and 2020 while the horizontal line and the circle represent 
the median and mean of the distribution. b, Monthly variation of PM10 
during lockdown. 
 

 

 

Figure 8. a, Monthly average PM2.5 mass concentration over Bhuba-
neswar. The box represents 25–75% of the distribution of PM2.5, for 
2017–2019 and 2020 whereas the horizontal line and the circle repre-
sent the median and mean of the distribution. b, Monthly variation of 
PM2.5 during lockdown. 
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and 38% (p  0.05) in PM2.5 was observed during LD 

compared to 2017–2019. Further it was also observed that 

for the years 2017–2019, PM10 (Figure 7) and PM2.5 (Fig-

ure 8) data were symmetric whereas for the year 2020, 

both coarse and fine particulate concentrations were posi-

tively skewed. A slightly higher reduction in PM2.5 mass 

fraction during the lockdown phases, in comparison to the 

PM10 mass fraction, is indicative of the curtailment in an-

thropogenic, especially vehicular emissions. Also, a simi-

lar plummet in PM2.5 level was reported in other sta-  

tions over the eastern parts of the country, viz. Gorakh-

pur, Patna, Gaya, Brijrajnagar and Kolkata during     

lockdown over 2019 (ref. 36). Moreover, PM2.5 shows a 

diminution of 1.7 times during 2020 over the last three 

years (2017–2019). Likewise, Delhi shows a historic re-

duction of ~45% in PM2.5 during lockdown (March–

April) compared to same time period during 2019 (ref. 

37). Similarly, a prominent fall in PM2.5 concentrations in 

other megacities, viz. Chennai (~39%), Bengaluru 

(~47%) and Kolkata (~27%) during March–April 2020 

over 2019 has been reported36. Furthermore, studies over 

22 cities across India revealed a maximum reduction in 

PM2.5 compared to other criteria pollutants during lock-

down 2020 than previous three years. 

 During the entire lockdown phase (25 March 2020–31 

May 2020), 42.35% and 45% reduction in PM10 and 

PM2.5 respectively, has been observed with an absolute 

reduction of 22.73 g m–3 in PM10 and 15.3 g m–3 in 

PM2.5 mass compared to PLD (1 March–24 March 2020). 

As a significant amount of PM2.5 has a regional back-

ground-origin, viz. traffic and industrial sources38, a 

complete lockdown along with frequent rain events re-

duced the PM2.5 concentrations during April to a greater 

extent. However, a slight relaxation of lockdown meas-

ures for movement of vehicles and operation of localized 

industries and business activities during May enhanced 

the PM2.5 concentrations by ~42% compared to April.  

Conclusion 

Compared to the previous year, a reduction in anthropo-

genic activities along with meteorological influence 

brought a significant reduction (33%) of BC mass con-

centration, PM10 (33%) and PM2.5 load (38%) over Bhu-

baneswar during 2020 pre-monsoon period when a 

countrywide lockdown was imposed to deal with the cur-

rent pandemic situation. Contribution of biomass burning 

to the overall BC mass was enhanced by ~3.5 times in 

comparison to previous years. It was interesting to note 

that a restriction of only the vehicular movement, even 

for a couple of weeks, resulted in a significant decline in 

BC mass and particulate matter concentration. 

 

Disclaimer: The authors declare that they have no con-

flict of interest. 
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